A normal polymorphism at three triplet repeat loci (myotonic dystrophy (DM), dentatorubral-pallidoluysian atrophy (DRPLA) and spinocerebellar ataxia type 1 (SCA1)) were examined in healthy unrelated individuals from the Siberian Yakut (Mongoloid) population, the Adygei (Caucasian) population and nine East European populations: populations from Russia (Holmogory, Oshevensk, Kursk, Novgorod, Udmurts, Bashkir), two Ukrainian populations (Lviv and Alchevsk) and one Belarussian. The distribution of alleles for DRPLA and SCA1 were similar for all East-European populations. For the DM locus, East European populations had typical allele distribution profiles with two modes, (CTG) 5 and (CTG) 11 ± 14 , but some differences were found for the Bashkir population where alleles containing 11 ± 14 CTG repeats had relatively higher frequency. The Yakut population had different allele spectra for all types of repeats studied. Higher heterozygosity levels and insignificant differences between expected and observed heterozygosity were found for all tested loci. The latter led us to suggest that the trinucleotide repeat loci analysed are not influenced by selection factors and could be useful for genetic relationship investigations in different populations. European Journal of Human Genetics (2001) 9, 829 ± 835.
Introduction
The human genome contains a large amount of highly repetitive DNA sequences including the short tandem repeats. Several characteristics make them useful in comparing human population genetics with classical polymorphism markers, such as blood group or protein markers. However, of special concern within the huge number of short tandem repeat loci are those gene sequences in which pathologically expanded trinucleotide repeats cause hereditary diseases. 1 The expansion of trinucleotide repeats in humans has been associated with several human genetic diseases, such as myotonic dystrophy, dentatorubral pallidoluysian atrophy, fragile X syndromes, and several types of spinocerebellar ataxias. 2 ± 5 All these triplet repeat loci are highly polymorphic and their length can vary significantly in healthy populations. Myotonic dystrophy (DM) is associated with the expansion of a CTG repeat in the 3' UTR of the myotonin protein kinase gene. In the case of healthy individuals the copy number varies from 5 to 37 CTG repeat, while in DM patient chromosomes the copy number is more than 50 and usually as high as several thousand repeats in severely affected individuals. 6 The myotonic dystrophy frequency in the Global population can vary from 1 in 475 in certain regions of Canada to 1 in 8000 in Western Europe.
Dentatorubral pallidoluysian atrophy (DRPLA) and spinocerebellar ataxia type 1 (SCA1) are caused by an amplified CAG repeat within the coding sequence of the gene, resulting in the lengthening of a polyglutamine tract in the corresponding protein. 8, 9 These disease related trinucleotide repeats are now widely used in the investigations of the history and diversity of humans both in the Global population and in individual population groups. Higher trinucleotide repeat polymorphism degree was found for populations with different origins and ethnicity. Recent data show that such polymorphisms can be useful for genetic population studies and genome mapping, especially for determination of population origin. Moreover, the allele-size distribution can be used for interpopulation distance calculation. 2, 7, 10, 11 Taking the above into account, we approached the investigation of population relationships in Russia and allele polymorphisms in disorders with a triplet repeat expansion. In this study, three loci with different triplet repeat polymorphisms were investigated (CTG-repeat in myotonic dystrophy locus and CAG-repeats in SCA1 and DRPLA loci) in normal individuals of 11 human populations from separate ethnic groups (four Russian, two Ukrainian, one Belorussian, one Bashkir, one Udmurt, one Adygei and one Yakut) living in the Russian Federation and ex-USSR territory.
Materials and methods
DNA samples for study were obtained from anonymous random donors of 11 populations from different ethnic groups with different levels of Mongoloid and Caucasoid components ( Figure 1 12 Analyses were made based on 50 to 250 people for each population.
For determination of allele size we performed polymerase chain reaction (PCR) amplification of each target sequence and denaturing PAAG electrophoresis for the separating of PCR products. The PCR amplification was performed using a Perkin Elmer Cetus thermal cycler. The reaction mixture contained 0.1 ± 0.2 mg of genomic DNA, 2 pmol of each primer, 0.2 mM each dNTPs, 0.5 u Taq-polymerase (Sileks, Russia) and polymerase buffer (50 Tris-HCl, pH 8.8, 15 mM (NH 4 ) 2 SO 4 , 5 mM MgC1 2 , 0.01% gelatin) in 20 ml of total Figure 1 Geographical location of populations tested.
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SN Popova et al 830 volume. One of the primers was labelled by 33 P-gATP before PCR. Labelled reaction was performed in 20 ml buffer (2 ml 106kinase buffer, 50 pmol of appropriate primer, 50 mCi 33 PgATP, 2.5 u of T4 polynucleotide kinase (Sileks, Russia)). The cycling conditions included a denaturation at 958C for 5 min, followed by 30 cycles of appropriate programme for each locus and the procedure was completed by a final extension step at 728C for 10 min. The programme conditions and primers used were the same as those described previously.
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The mixture, containing 2 ml of amplification product and 2 ml loading buffer (0.01% bromphenol blue, 0.01% xylene cyanol, 98% formamide), was denatured at 958C for 5 min before electrophoresis. The exact size for trinucleotide repeats was determined using 6% denaturing PAAG electrophoresis with coelectrophoresis of an M13 sequencing ladder.
Results
The polymorphic CAG and CTG repeat were examined by PCR in 11 human populations. The number of chromosomes typed in each population, as well as expected and observed heterozygosity are shown in Table 1 . Each population was typed for three loci. For technical reasons, not all individuals were typed in each population for all three loci, because some DNA samples didn't amplify sufficiently. The modal number of repeats and the number of different alleles were used as a comparison between populations. Triplet repeat length analysis showed some differences in allele spectra between Caucasoid and Mongoloid populations. For all investigated populations, higher heterozygosity level was observed (from 65 to 84%).
Twenty-six allelic variants with repeat numbers from 5 to 32 CTG were found in DM locus studies (Table 2 ). For all populations tested, allele spectra had bimodal character with modes at the (CTG) 5 and (CTG) 11 ± 14 triplet repeats, coinciding with previously mentioned data from other investigations for this locus. 11, 13, 14 Comparison of allele spectra for populations of different ethnic origin shows a decrease of (CTG) 5 allele frequencies (from 42% in Kursk to 7% in Yakut) and an increase of (CTG) 11 (Table 4) . For the majority of samples investigated, the (CAG) 30 allele was the most common, with frequency varying from 21% to 39% in the 32 . In the Yakut population, alleles with 28 and 30 repeats had the highest frequency and 86% of allele spectrum were shifted by 2 ± 3 alleles to the left from spectra of other populations. Statistical analysis showed significant differences in allele distribution between the groups of different origin. Twenty-one distinct alleles with a size range from 6 to 27 triplet repeats, were found for the DRPLA locus (Table 5) . Allele spectra had bimodal character with modes in 8 ± 10 and 13 ± 16 CAG repeats for Caucasoid populations, while the Yakut population demonstrated trimodal spectrum with modes at 8, 13 and 17 CAG repeats: the frequency of the (CAG) 8 , (CAG) 13 and (CAG) 17 alleles were under-represented, whereas 10 and 15 were over-represented in the Yakut compared with other groups. For the Yakut population, allele sizes were shifted to a shorter range compared with allele distribution of Caucasoid populations: 66% of Yakut alleles contained from 6 to 13 CAG repeats, whereas in other populations 40 ± 60% of allele spectra consisted of (CAG) 13 ± 15 alleles.
Genetic diversity for all populations was estimated with F-statistic using the jackknifing method. 16 These results are presented in Table 6 . The Fst for different populations varies from 0.016 to 0.041 for the DRPLA locus, from 0.005 to 0.21 for the SCA1 locus and from 0.005 to 0.024 for the MD locus. Fst quantity was lowest for the Yakut population in comparison with all populations in all loci analysed.
For population relationship analysis we have constructed a genetic tree (using GDA computer program) based on three loci for the populations investigated. The dendrogram for genetic relations is presented in Figure 2 . One can see that the Yakut population was disposed some way from the others, which formed a cluster of Caucasoid populations having their own hierarchy. Thus, two smaller clusters are obtained: the first formed by the Lviv and Adygei populations, and the second only with East Slavonic populations. 
Discussion
We tested populations with different levels of Mongoloid and Caucasoid components, belonging to different linguistic families ± East Slavonic, Turkic, Finno-Ugric, and North Caucasian ± and of normal triplet polymorphisms of DM, DRPLA and SCA1 loci. As discovered recently, 1,10 these loci are highly polymorphic in healthy individuals and significant diversity exists for allele spectra in groups with different organization. As expected, similar results were observed in our research. For all three loci, the most remarkable differences in allele distribution were found for the Yakut population, which derives from the Turkic linguistic group and has Mongoloid ancestry. Significant divergence by the Yakut population from other population groups was also shown by the genetic diversity test. Fst index for all loci investigated in this population was 2 ± 3 times lower than in other populations. The data suggest more homogeneity of this group and close relationship between individuals in it. Genetic analysis carried out with the GDA program 16 demonstrates that similar polymorphic loci can be used for genetic relationship investigation both in the Global population and small intrapopulation groups. The DM locus had the highest polymorphism and we have found the greatest number of alleles in it (26 in comparison with 21 and 19 for DPLA and SCA1 correspondingly). Moreover, this locus, in our opinion, is the most convenient for population analysis. Due to a distinctive allele spectrum with two noted modes in 5 and 11 ± 14 CTG repeats, the smallest differences in population structure are easily definable and visible in the diagram.
Trinucleotide repeats show high variability among normal individuals and are therefore increasingly used to investigate genetic relationships between different ethnic groups as well as traditional genetic markers. Our study provides new data about trinucleotide repeat polymorphism in Russia and its nearest populations; this information might be useful for analysis of human history and population evolution. Figure 2 Dendrogram for genetic relationship for investigated populations constructed using GDA-program.
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